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(54) TRIANGULAR PYRAMIDAL CUBE CORNER RETROREFLECTION SHEET 



(57) To improve the high-brightness characteristic 
and wide angularities such as observation angularity, 
entrance angularity, and rotation angularity. 

A triangular-pyramidal cube-corner retroreflective 
sheeting characterized in that a lateral face (prism face) 
(face c) using a base edge (x) of triangular-pyramidal 
reflective elements faced each other and arranged in 
the closest-packed state by sharing the base edge (x) 
on a base plane (X-X 1 ) as one side is hexagonal or trian- 
gular, two other faces (faces a and b) sharing one ridge 
line starting with an apex (H) of the triangular-pyramidal 



reflective elements is quadrangular and when assuming 
the height from the apex (H) up to the base plane (X-X 1 ) 
as (h) and the height up to a substantially horizontal 
plane (Z-Z) including base edges (z and w) of other two 
faces (faces a and b) as (h 0 ), and the angle formed 
between the optical axis of the triangular-pyramidal 
reflective elements and a plane (Y-V) including the base 
edge (x) and vertical to the base plane (X-X 1 ) as (6), h 
and h 0 are not substantially equal to each other but h / 
h 0 and G meet a specific relational expression. 
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Description 
Technical Field 

5 [0001] The present invention relates to a triangular-pyramidal cube-corner retroreflective sheeting having a novel 
structure. More minutely, the present invention relates to a than gular^py ram idal cube-corner retroreflective sheeting in 
which triangular-pyramidal reflective elements having a novel structure are arranged in the closest-packed state. 
[0002] Still more minutely, the present invention relates to a cube-corner retroreflective sheeting constitute of trian- 
gular-pyramidal cube-corner retroreflective elements (hereafter referred to as triangular-pyramidal reflective elements 

w or merely elements) useful for signs including traffic signs and construction work signs, license plates of automobiles 
and motorcycles, safety materials of clothing and life preservers, markings of signboards, and reflectors of visible- light, 
laser-beam, and infrared-ray reflective sensors. 

[0003] Still further minutely, the present invention relates to a triangular-pyramidal cube-corner retroreflective 
sheeting characterized in that triangular-pyramidal cube-corner retroreflective elements protruded beyond a common 

is base plane (X-X') are faced each other and arranged on the base plane (X-X') in the closest-packed state by sharing 
one base edge on the base plane (X-X'), the base plane (X-X') is a common plane including many base edges (x, x, ...) 
shared by the triangular-pyramidal reflective elements, the two triangular-pyramidal reflective elements faced each 
other constitute an element pair having substantially same shape faced so as to be respectively substantially symmetric 
to planes (Y-Y\ Y-Y 1 , ...) vertical to the base plane (X-X 1 ) including many shared base edges (x, x, ...) on the base plane 

20 (X-X 1 ), the triangular-pyramidal reflective elements are constituted of substantially same hexagonal or triangular lateral 
faces (prism faces) (faces c 1 and C2) using the shared base edges (x, x, ...) as one sides and substantially same quad- 
rangular lateral faces (faces a 1 and b 1 and faces a 2 and b 2 ) substantially orthogonal to the face c-j or the face c 2 by 
using two upper sides of the face or C2 starting with apexes (H^ and H 2 ) of the triangular-pyramidal reflective ele- 
ments as one sides and sharing one ridge line of the triangular-pyramidal reflective elements and using the ridge line 

25 as one side, and when assuming the height from the apexes (H-) and H 2 ) of the triangular-pyramidal reflective elements 
up to the base plane (X-X 1 ) including the base edges (x, x, ...) of the hexagonal or triangular lateral faces (faces and 
c 2 ) of the triangular-pyramidal reflective elements as (h), the height from the apexes (H 1 and H 2 ) of the triangular- 
pyramidal reflective elements up to a substantially horizontal plane (2-Z') including base edges (z and w) of other lateral 
faces (faces a-j and b 1 and faces a 2 and b 2 ) of the triangular-pyramidal reflective elements as (h 0 ), the intersection 

30 between a vertical line from the apexes (H] and H 2 ) of the triangular-pyramidal reflective elements to the base plane 
(X-X') and the base plane (X-X 1 ) as P, the intersection between an optical axis passing through the apexes (Hj and H 2 ) 
and the base plane (X-X') as Q, and moreover, expressing distances from the intersections (P) and (Q) up to planes (Y- 
Y\ Y-Y', ...) including the base edges (x, x, ...) shared by the triangular-pyramidal reflective elements and vertical to the 
base plane (X-X 1 ) as p and q, and assuming the angle formed between the optical axis and the vertical plane (Y-Y*) as 

35 (e), the above h and h 0 are not substantially equal and meet the following expression (1 ). 

0.5 R a a 1.5 R (1) 
(In the above expression, R is defined by the following expression.) 

40 

□ _ sin(35.26440°-8)+1.2247sine 
sin(35.2644°-9) 

45 (In the above expression, it is assumed that when the value of the above (q-p) is negative, e takes a negative (- 

) value.) 

Background Art 

so [0004] A retroreflective sheeting for reflecting incoming light toward a light source has been well known so far and 
the sheeting using its retroreflective characteristic is widely used in the above fields. Particularly, a retroreflective sheet- 
tng usihg'then-etroTeflectiven^rihciple"^ 

reflective element is extremely superior to a conventional retroreflective sheeting using micro glass beads in retroreflec- 
tivity and its purpose has been expanded year by year because of its superior retroreflective performance. 
55 [0005] However, though a conventionally-publicly-known triangular-pyramidal retroreflective element shows a pref- 
erable retroreflectivity when the angle formed between the optical axis of the element {axis passing through the apex of 
the triangular pyramid of the triangular-pyramidal retroreflective element equally separate from three lateral faces (faces 
a, b, and c)} constituting a triangular-pyramidal cube-corner retroreflective element and intersecting each other at an 
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angle of 90° and an incident light (the angle is hereafter referred to as entrance angle) is kept in a small range, the ret- 
roreflectivity rapidly deteriorates as the entrance angle increases (that is, the entrance angularity deteriorates). 
[0006] Moreover, the reflection principle (theory) of a triangular-pyramidal retroreflective element uses internal total 
reflection caused on the interface between air and a transparent medium constituting the triangular-pyramidal reflective 
5 element when light is emitted to air from the transparent medium at a specific angle {critical angle (ct c )} or more. The 
critical angle (o^) is shown as the following expression by a refractive index (n) of a transparent medium constituting a 
triangular-pyramidal reflective element and a refractive index (n 0 ) of air. 



sin a = — 



[0007] In this case, it is allowed to consider the refractive index (n 0 ) of air is almost equal to 1 and constant There- 
fore, the critical angle (c^) decreases as the value of the refractive index (n) of the transparent medium increases and 
15 light easily reflects from the interface between the transparent medium and air. When using a synthetic resin for a trans- 
parent medium, the critical angle (o^) shows a comparatively large value of approx. 42° because most synthetic resins 
have a refractive index of approx. 1.5. 

[0008] Light incoming to the surface of a retroreflective sheeting using the above triangular-pyramidal reflective ele- 
ment at a large entrance angle reaches the interface between the triangular-pyramidal reflective element and air at a 
20 comparatively small angle from a lateral face (reflecting surface) of the reflective element after passing through the tri- 
angular-pyramidal reflective element. When the comparatively small angle is smaller than the critical angle (ot c ), the 
light passes through the back of the element without totally reflecting from the interface. Therefore, a retroreflective 
sheeting using a triangular-pyramidal reflective element has a disadvantage that it is generally inferior in entrance angu- 
larity. 

25 [0009] However, because a triangular-pyramidal retroreflective element is able to reflect light in the light incoming 
direction over almost entire surface of the element, reflected light does not reflect by emanating to a wide angle due to 
spherical aberration like a micro-glass- be ad reflective element. However, in practical use, the narrow divergence angle 
of retroreflected light easily causes a trouble that the light emitted from a head lamp of an automobile does not easily 
reach eyes of a driver present at a position separate from the optical axis of the light such as eyes of the driver when 

30 the light is retroreflected from a traffic sign. The above trouble more frequently occurs particularly when an automobile 
approaches a traffic sign because the angle (observation angle) formed between a light entrance axis and an axis con- 
necting a driver and a reflection point (that is, the observation angularity deteriorates). 

[0010] Many proposals have been made so far for the above cube-corner retroreflective sheeting, particularly for a 
triangular-pyramidal cube-corner retroreflective sheeting and various improvements and studies are made. 

35 [0011] For example, Jungersen's US Pat. No. 2,481 ,757 discloses a retroreflective sheeting constituted by arrang- 
ing retroreflective elements of various shapes on a thin sheeting and a method for manufacturing the sheeting. Trian- 
gular-pyramidal reflective elements disclosed in the above US patent include a triangular-pyramidal reflective element 
in which the apex is located at the center of a base-plane triangle and the optical axis does not tilt and a triangular- 
pyramidal reflective element in which the apex is not located at the center of a base-plane triangle but the optical axis 

40 tilts. Moreover, it is described in the US patent to efficiently reflect light toward an approaching automobile. Further- 
more, it is described that the size of a triangular-pyramidal reflective element, that is, the depth of the element is 1/10" 
in (2,540 ^m) or less. Furthermore, Fig. 15 in the US patent illustrates a triangular-pyramidal reflective element whose 
optical axis tilts in the plus (+) direction similarly to the case of a preferred mode of the present invention. The tilt angle 
(0) of the optical axis is estimated as approx. 6.5° when obtaining it from the ratio between the longer edge and shorter 

45 edge of the base-triangular plane of the illustrated triangular-pyramidal reflective element. 

[0012] However, the above Jungersen's US patent does not specifically disclose a very small triangular-pyramidal 
reflective element shown in the present invention or it does not disclose a size or an optical-axis tilt which a triangular- 
pyramidal reflective element must have in order to show superior observation angularity and entrance angularity. 
[0013] Moreover, Stamm's US Pat, No. 3,712,706 discloses a retroreflective sheeting in which the so-called equi- 

50 lateral triangular-pyramidal cube-corner retroreflective elements in which shapes of their base-plane triangles are equi- 
lateral triangular and shapes of three other sides are right isosceles triangular are arranged on a thin sheeting so that 

their base planes are brought into the closest^packed state on a common planerStamm's US patent solves theproblem 

that retroreflectivity is deteriorated due to increase of an entrance angle through mirror reflection by vacuum-coating the 
reflective surface of a reflective element with a metal such as aluminum and the above trouble that the light incoming at 

55 an angle of less than an internal total-reflection condition passes through the interface between elements and thereby, 
it does not retroreflect. 

[0014] However, because the above Stamm's proposal uses the mirror reflection principle (theory) as means for 
improving the angularity (wide angularity), the proposal easily causes the trouble that the appearance of an obtained 
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retroreflective sheeting becomes dark or the reflective brightness easily deteriorates because a metal such as alumi- 
num or silver used for the mirror surface is oxidized due to incoming water or air while it is used. Moreover, the proposal 
does not describe means for improving the angularity (wide angularity) by a tilt of an optical axis at all. 
[0015] Moreover, Hoopman's European Pat No. 137,736(B) discloses a retroreflective sheeting in which triangular- 
5 pyramidal cube-corner retroreflective elements with a tilted optical axis whose triangular base-plane is isosceles trian- 
gular are brought into the closest-packed state on a common plane. Moreover, it is described -that the optical axis of a 
triangular-pyramidal cube-corner retroreflective element disclosed in the patent tilts in a negative (-) direction and its tilt 
angle approximately ranges between 7° and 13°. 

[0016] However, according to the relation between reflective brightness and optical-axis tilt examined by the 
10 present inventor et al. through the light tracing method, it is found that reflective brightness lowers as the tilt angle of a 
optical axis exceeds 4° and further increases in a negative direction and particularly, the reflective brightness of a trian- 
gular-pyramidal reflective element whose optical axis exceeds 6° in a negative direction extremely lowers. This may be 
because areas of three prism faces a, b, and c forming a triangular-pyramidal reflective element whose optical axis does 
not tilt are equal to each other but areas of faces a and b of an element whose optical axis tilts in a negative direction 
is slowly decrease compared to the area of the face c of the element as the tilt angle of the element increases. 

[0017] Moreover, Szczech's US Pat. No. 5,138,488 also discloses a retroreflective sheeting in which titled triangu- 
lar-pyramidal cube-corner retroreflective elements whose base planes are isosceles triangular are arranged on a thin 
sheeting so that the base planes are brought into the closest- packed state. In the US patent, optical axes of the trian- 
gular-pyramidal reflective elements tilt in the direction of a side shared by paired triangular-pyramidal reflective ele- 
20 ments faced each other and it is specified that the tilt angle approximately ranges between 2° and 5° and the size of an 
element ranges between 25 and 100 \xm. 

[0018] Furthermore, European Pat. No. 548,280(B1) corresponding to the above US patent discloses that the dis- 
tance between a plane including a common side of paired triangular-pyramidal cube-corner retroreflective elements 
and vertical to a common plane and the apex of the element is not equal to the distance between the intersection with 
25 the common plane of the optical axis of the element and the vertical plane, that is, the tilt of the optical axis may be 
either of positive (+) and negative (-) directions, and its tilt angle approximately ranges between 2° and 5°, and the size 
of the element ranges between 25 and 1 00 jun. 

[0019] As described above, in the case of Szczech's European Pat. No. 548,280(B1), the tilt of an optical axis 
approximately ranges between 2° and 5° including positive (+) and negative (-) directions. However, in the case of the 
30 tilt of the optical axis in the range of the Szczech's invention, wide angularity, particularly entrance angularity is not ade- 
quately improved. 

[0020] The conventionally-publicly-known triangular-pyramidal cube-corner retroreflective elements of Jungersen's 
US Pat. No. 2,481,757, Stamm's US Pat. No. 3,712,706, Hoopman's European Pat. No. 137,736(B1), Szczech's US 
Pat. No. 5,138488 and European Pat. No. 548,280(B1) are common to each other in that base planes of many triangu- 
35 lar-pyramidal reflective elements serving as a core of entrance and reflection of light are present on the same plane. 
Thus, every retroreflective sheeting constituted of triangular-pyramidal reflective elements whose base planes are 
present on the same plane is inferior in entrance angularity, that is, it has a disadvantage that retroreflective brightness 
suddenly deteriorates when an entrance angle of light to the triangular-pyramidal reflective element increases. 

40 Disclosure of the Invention 

[0021] In general, not only high brightness, that is, level (magnitude) of reflective brightness of the light incoming 
from the front of a triangular-pyramidal cube-corner retroreflective sheeting but also wide angularity of the. light are 
requested as basic optical characteristics of the sheeting and moreover, three performances such as observation angu- 

45 larity, entrance angularity, and rotational angularity are requested for the wide angularity. 

[0022] As described above, every conventionally-publicly-known retroreflective sheeting constituted of triangular- 
pyramidal cube-corner retroreflective elements has been inferior in entrance angularity and observation angularity. 
However, the present inventor et al. found through light-tracing simulation that it is possible to improve the entrance 
angularity of a retroreflective sheeting constituted of triangular-pyramidal reflective elements by making the height (h 1 ) 

so from the plane (X-X 1 ) including many base edges (x, x, ...) shared by the triangular-pyramidal reflective elements set at 
symmetric positions each other up to the apexes (H^ and H 2 ) of the elements substantially larger than the height (h) 

h^Jhe_pJane_(Z-ZXincludi 

having one base edge shared by the triangular-pyramidal reflective elements as one side up to the apex of the reflective 
elements and applied a patent. (Japanese Patent Application No. 295907/1996). 

55 [0023] Moreover, the present inventor et al. continued the study by light tracing simulation and found that it is also 
possible to improve the entrance angularity of a retroreflective sheeting constituted of two triangular-pyramidal reflective 
elements faced each other by making the height (h 1 ) from the first plane (X-X') including base edges (x, x, ...) of lateral 
faces (faces c<\ and c 2 ) having base edges (x, x, ...) shared by the triangular- pyramidal reflective elements as one side 
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up to the apexes (H A and H 2 ) of the triangular-pyramidal reflective elements substantially smaller than the height (h) 
from the substantially-horizontal second base plane (Z-Z') including the base edges (z and w) of other lateral faces 
(faces and b-j and faces a 2 and b 2 ) of the triangular-pyramidal reflective elements up to the apexes (H^ and H 2 ) of 
the triangular-pyramidal reflective elements and applied a patent. 

5 

(Japanese Patent Application No. 330836/1997) 

[0024] The present inventor et al. further continued the study that the improvement in the above two applied patents 
was achieved by minimizing the problem of relatively enlarging or contracting sizes of the lateral faces (faces c } and c 2 ) 

10 which had been conventionally caused by a tilt of an optical axis compared to other lateral faces (faces a-, and b-j and 
faces a 2 and b 2 ). As a result, we found that the ratio between the height (h) from the base plane (X-X 1 ) including com- 
mon base edges (x, x, ...) of the lateral faces c-, and C2 faced with the triangular-pyramidal reflective element pair up to 
the apexes (H 1 and H 2 ) of the element pair and the height (h 0 ) from one horizontal plane (2-Z') including the base edges 
(z and w) of the two substantially-same-shaped lateral faces (faces a 1 and bj and faces a 2 and b 2 ) of the element pair 

15 up to the apexes {H A and H 2 ) of the element pair must be kept in a specific range shown by a tilt angle 0 of an optical 
axis and a specific relational expression and finished the present invention. 

[0025] Therefore, the present invention relates to a triangular-pyramidal cube-corner retro reflective sheeting char- 
acterized in that triangular-pyramidal cube-corner retroreflective elements protruded beyond a common base plane (X- 
X') are faced each other and arranged in the closest- packed state by sharing one base edge on the base plane (X-X 1 ), 

20 the base plane (X-X') is a common plane including many base edges (x, x, ...) shared by the triangular-pyramidal reflec- 
tive elements, the two triangular-pyramidal reflective elements faced each other constitute an element pair having sub- 
stantially same shape faced so as to be respectively substantially symmetric to planes (Y-Y', Y-Y', ...) vertical to the base 
plane (X-X') including many shared base edges (x, x, ...) on the base plane (X-X'), the triangular-pyramidal reflective 
elements are constituted of substantially same hexagonal or triangular lateral faces (faces and c^) using the shared 

25 base edges (x, x, ...) as one sides and substantially same quadrangular lateral faces (faces a-j and b 1 and faces a 2 and 
b 2 ) substantially orthogonal to the face c 1 or the face c 2 by using upper two sides of the face or face c 2 starting with 
apexes (H-j and H 2 ) of the triangular-pyramidal reflective elements as one sides and sharing one ridge line of the trian- 
gular-pyramidal reflective elements and using the ridge line as one side, and when assuming the height from the apexes 
(H-j and H 2 ) of the triangular-pyramidal reflective elements up to the base plane (X-X 1 ) including the base edges (x, x, 

30 ...) of the hexagonal or triangular lateral faces (face and face c 2 ) of the triangular-pyramidal reflective elements as 
(h), the height from the apexes (H-j and H 2 ) of the triangular-pyramidal reflective elements up to a substantially horizon- 
tal plane (Z-Z 1 ) including base edges (z and w) of other lateral faces (faces a 1 and b 1 and faces a 2 and b 2 ) of the trian- 
gular-pyramidal reflective elements as (h 0 ), the intersection between a vertical line from the apexes (H-, and H 2 ) of the 
triangular-pyramidal reflective elements to the base plane (X-X 1 ) and the base plane (X-X') as P, the intersection 

35 between an optical axis passing through the apexes (H-i and H 2 ) and the base plane (X-X') as Q, and moreover, 
expressing distances from the intersections (P) and (Q) up to planes (Y-Y 1 , Y-Y', ...) including the base edges (x, x, ...) 
shared by the triangular-pyramidal reflective elements and vertical to the base plane (X-X 1 ) as p and q, and assuming 
the angle formed between the optical axis and the vertical plane (Y-Y 1 ) as (6), the above h and h 0 are not substantially 
equal and meet the following expression (1 ). 

40 

0.5R^g 1.5 R (1) 

45 (In the above expression, R is defined by the following expression.) 

_ sin(35.2644°-e)+1.2247sine 
sin(35.2644°-0) 

50 

(In the above expression, it is assumed that when the value of the above (q-p) is negative, G takes a negative (- 

) value.) - 

[0026] The present invention is more minutely described below by properly referring to the accompanying drawings. 

55 
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Brief Description of the Drawings 
[0027] 

Fig. 1 is a top view of a positively-tilted triangular-pyramidal cube-corner retroreflective element group according to 
the prior art; 

Fig. 2 is a sectional view of the positively-tilted triangular-pyramidal cube-corner retroreflective element group 
shown in Fig. 1 according to the prior art, when cut by the sectional line (L-U); 

Fig. 3 is a top view of a negatively-tilted triangular-pyramidal cube-corner retroreflective element group according 
to the prior art; 

Fig. 4 is a sectional view of the negatively-tilted triangular-pyramidal cube-corner retroreflective element group 
shown in Fig. 2 according to the prior art, when cut by the sectional line (L-L*); 

Fig. 5 is a top view of a positively-tilted triangular-pyramidal cube-corner retroreflective element group for explaining 
the present invention; 

Fig. 6 is a sectional view of the positively-tilted triangular-pyramidal cube-corner retroreflective element group 
shown in Fig. 5 for explaining the present invention, when cut by the sectional line (L-L 1 ) in Fig. 5; 
Fig. 7 is an enlarged top view of a pair of positively-tilted triangular-pyramidal reflective elements for explaining the 
present invention; 

Fig. 8 is a side view of the positively-tilted triangular-pyramidal reflective element pair shown in Fig. 7 for explaining 
the present invention, when viewed from the line L-L' in Fig. 7; 

Fig. 9 is a top view of a negatively-tilted triangular-pyramidal cube-corner retroreflective element group shown in 
Fig. 9 for explaining the present invention; 

Fig. 10 is a sectional view of the negatively-tilted triangular-pyramidal cube-corner retroreflective element group 
shown in Fig. 9 for explaining the present invention, when cut by the sectional line (L-L*) in Fig. 9; 
Fig. 11 is an enlarged top view of a pair of negatively-tilted triangular-pyramidal reflective elements for explaining 
the present invention; 

Fig. 1 2 is a side view of the negatively-tilted triangular-pyramidal reflective element pair shown in Fig. 1 1 for explain- 
ing the present invention, when viewed from the line (L-L 1 ) in Fig. 1 1 ; and 

Fig. 13 is a sectional view showing a structure of a negatively-tilted retroreflective sheeting that is one of modes of 
a triangular-pyramidal cube-corner retroreflective sheeting of the present invention. 

Detailed Description of the Invention 

[0028] Before explaining the present invention, a conventionally-publicly-known art is first described below. 
[0029] Figs. 1 to 4 show top vies and sectional views for explaining a triangular-pyramidal cube-corner retroreflec- 
tive element according to the prior art for comparison with a triangular-pyramidal cube-corner retroreflective element of 
the present invention. 

[0030] In Figs. 1 and 3, base edges of triangular-pyramidal cube-corner retroreflective elements protruded beyond 
a common plane are arranged on a common plane (X-X 1 ) in the closest-packed state as a pair of triangular-pyramidal 
reflective elements sharing one base edge (x, x, ...) and faced each other so as to be substantially symmetric to a plane 
(Y-Y 1 ) vertical to a base plane (X-X') including the shared base edge (x, x, ...). 

[0031] Moreover, Figs. 2 and 4 show sectional views of the triangular-pyramidal reflective elements cut by sectional 
lines (L-L') of the element groups shown in Figs. 1 and 3. The element pairs of a tilted triangular-pyramidal cube-corner 
retroreflective sheeting have optical axes oriented in the opposite direction to each other. When assuming the distance 
from the intersection (P) between a vertical line extended from the apex (H) of the element to the base plane (X-X 1 ) and 
the base plane (X-X') up to the base edges (x, x, ...) shared by the element pair as (p) and the distance from the inter- 
section (Q) between an optical axis and the base plane up to the base edges (x, x, ...) shared by the element pair as 
(q), the optical axis tilts from the vertical plane (Y-Y 1 ) in a direction in which the difference (q-p) becomes positive (+) in 
Fig. 2 and negative (-) in Fig. 4. 

[0032] Fig. 5 and 6 show a top view and a sectional view for explaining triangular-pyramidal cube-corner retrore- 
flective elements of the present invention. 
[0033] ln-Fig.~5,-it-is-shown-that-positive^^ 

three lateral faces substantially orthogonal to each other and protruded beyond a common base plane (X-X 1 ) are faced 
each other and arranged on a substrate in the closest-packed state by sharing one base edge (x, x t ...) on the base 
plane (X-X*). 

[0034] Fig. 6 shows a sectional view of a positively-tilted triangular-pyramidal reflective element of the present 
invention when cut by the sectional line (L-L 1 ) of the element group shown in Fig. 5. As shown in Fig. 5, the positively- 
tilted triangular-pyramidal reflective element of the present invention is constituted of hexagonal lateral faces (faces q 
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and c 2 ) faced each other by sharing one base edge (x) on the base plane (X-X 1 ) and substantially-same-shaped quad- 
rangular lateral faces (faces a<\ and b-| and faces a2 and b 2 ) substantially orthogonal to the face Cj orc2 using upper two 
sides of the face or c 2 starting with apexes (H^ and H 2 ) of the triangular-pyramidal reflective elements as one sides, 
sharing one ridge line of the triangular-pyramidal reflective element, and using the ridge line as one side. 

5 [0035] As shown in Fig. 5, positively-tilted triangular-pyramidal reflective elements each of which is one of modes 
of the present invention are arranged on a substrate in the closest-packed state at a repetitive.pattern by sharing a base 
edge (x) on the base plane (X-X 1 ) and forming a substantially-same-shaped element pair faced each other so as to be 
substantially symmetric. Therefore, the common base edge (x) constitutes a continuous straight line. Moreover, many 
base edges (x) shared by other adjacent triangular-pyramidal reflective element groups are parallel with a straight line 

10 constituting the base edges (x) and form parallel straight-line groups having equal repetitive pitches. 

[0036] Therefore, the lateral faces (c^ and C2 faces) of the positively-tilted triangular-pyramidal reflective element of 
the present invention are faced each other by sharing a base edge (x) and the base edge (x) constitutes a continuous 
straight line. Therefore, the face c-j forms a continuous plane and the face c 2 also forms a continuous plane. Moreover, 
the quadrangular lateral faces (small quadrangular lateral faces surrounded by faces a 1 and b-, and two c 2 faces) are 

is also located on a plane on the line x formed by the face or c 2 . As a result, the base edge of the plane formed by the 
face Ci or c 2 and the lateral face having the small quadrangle is present on the above continuous straight line and has 
a lateral face same as the face c whose cross section forms a V-shaped groove. 

[0037] The term "substantial" in this description is an expression including even a very slight difference. For exam- 
ple, "substantially symmetric" and "substantially same shape" are expressions including a case in which corresponding 
20 * side and/or angle is or are completely the same and the magnitude of the side or angle is very slightly different. 

[0038] To easily understand the present invention, an enlarged top view of a pair of positively-tilted triangular- 
pyramidal reflective elements shown as the following patterns in Fig. 5 is shown in Fig. 7 and a side view from the arrow 
shown by the line L-L' in Fig. 7 is shown in Fig. 8. 

25 




30 



[0039] In Figs. 7 and 8, the face of the right element (that is, the element shown by the following pattern in 
Fig. 5) of a pair of positively-tilted triangular-pyramidal reflective element of the present invention is a hexagonal plane 
surrounded by points H-pD-i-A-B-E-i, the face a-, is a quadrangular plane surrounded by points H 1 -J 1 -G 1 -E l , the faces 
35 a-j and bj have substantially the same shape, and the faces c 1( a 1f and b t are substantially orthogonal to each other. 




[0040] Moreover, the base plane of the right triangular-pyramidal reflective element R 1 shown by a plane A-B-K-j 

45 forms a part of a common base plane (X-X 1 ). 

[0041] In Figs. 7 and 8, the left triangular-pyramidal reflective element shown by R 2 corresponds to the left triangu- 
lar-pyramidal reflective element of the above pair of elements shown as the following pattern in Fig. 5 and the left trian- 
gular-pyramidal reflective element R 2 whose base plane is shown by A-B-K 2 has the same shape as the right reflective 
element R-| whose base plane is shown by A-B-K-) and the both elements are located at the both sides of the base edge 

so (A-B) (present on the common bas edge x in Fig. 5) shared by the both elements, and the left element R 2 has a shape 
obtained by rotating the right element R-j by 180° counterclockwise on the base plane (X-X') about the middle point (O) 
of the base edge (A-B) shared byJhe^othjBjernents . 
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[0042] Therefore, in Fig. 7, the face Cg shown by the points H 2 -D 2 -B-A-E 2 of the left element R 2 and the face a 2 
shown by the points H 2 -J 2 -F 2 -D 2 , and the face b 2 shown by the points H 2 -J 2 -G 2 -E 2 have the same shape as the faces 
c 1t a 1t and bj of the right element Rj and the faces c 2 , a 2) and b 2 are substantially orthogonal (90°) to each other. 
5 [0043] Therefore, in Fig. 8 which is a side view from the line L-L' direction in Fig. 7, the side view of the right element 
R 1 shown by the points B-H 1 -J 1 -K 1 and the side view of the left element R 2 shown by the points B-H 2 -J 2 -K 2 are sub- 
stantially symmetric to right and left and have the same shape. 

[0044] As shown in Fig. 8, apexes of positively-tilted triangular-pyramidal reflective elements (R-, and R 2 ) are shown 
by and H 2 and the height from the base plane (X-X') including the base edge x common to the apexes (H 1 and H 2 ) 
10 is shown by h. 

[0045] As shown in Figs. 7 and 8, the height h corresponds to the depth from a plane (virtual plane) including the 
apexes and H 2 of the positively-tilted triangular-pyramidal reflective elements and R 2 of the present invention in 
the V-shaped valley formed by the faced faces c t and c 2 of the elements H A and R 2 . 

[0046] Moreover, as clearly shown in Figs. 7 and 8, quadrangular lateral faces a-, and b 1 and quadrangular lateral 

15 faces a 2 and b 2 of the positively-tilted triangular-pyramidal reflective elements R 1 and R 2 of the present invention have 
substantially the same shape, base edges F-i-Dj and G r E-| of the lateral faces a^ and b-| of the element and base 
edges F 2 -D 2 and G 2 -E 2 of the lateral faces a 2 and b 2 of the element R 2 are present on the same horizontal plane (Z- 
Z'), and the height from the horizontal plane Z-Z' up to a plane (virtual plane) including apexes H 1 and H 2 of the ele- 
ments Ri and R 2 is shown by h 0 in Fig. 8. 

20 [0047] Therefore, the depth of a valley formed between the lateral faces a 1 and bj and lateral faces a 2 and b 2 of the 
positively-tilted triangular-pyramidal reflective elements R<, and R 2 of the present invention and corresponding lateral 
faces of adjacent other elements from a plane including the apexes and H 2 (the bottom of the valley corresponds to 
base edges of the lateral faces a 1 and b-j and lateral faces a 2 and b 2 ) is shown by ho- ' 
[0048] In the case of a positively-tilted triangular-pyramidal reflective element of the present invention, base edges 

25 of the faces a-j and a 2 of the elements Rj and R 2 are located on a common line z, base edges of the faces b-j and b 2 
are located on a line w, and base edges of the faces and c 2 are located on a common line x as shown in Figs 5 and 7. 
[0049] Moreover, as shown in Figs. 5 to 8 and previously described, a plurality of positively-tilted triangular-pyram- 
idal reflective elements of the present invention share the base edge (x, x, ...) shared by two c faces to which the ele- 
ments correspond and they are faced each other and arranged on a substrate in the closest-packed state. 

30 [0050] A positively-tilted triangular-pyramidal cube-corner retroreflective sheeting of the present invention is 
described below by referring to Figs. 5 to 8. That is, triangular-pyramidal cube-corner retroreflective elements protruded 
beyond a common base plane (X-X') are faced each other and arranged in the closest-packed state by sharing one 
base edge on the base plane (X-X'), the base plane (X-X 1 ) is a common plane including many base edges (x, x, ...) 
shared by the triangular-pyramidal reflective elements, the two triangular-pyramidal reflective elements faced each 

35 other constitute an element pair having substantially same shape faced so as to be respectively substantially symmetric 
to planes (Y-Y\ Y-Y 1 , ...) vertical to the base plane (X-X') including many shared base edges (x, x, ...) on the base plane 
(X-X*), the triangular-pyramidal reflective elements are constituted of substantially same hexagonal lateral faces (faces 
c 1 and c 2 ) using the shared base edges (x, x, ...) as one sides and substantially same quadrangular lateral faces (faces 
a 1 and b 1 and faces a 2 and b 2 ) substantially orthogonal to the face c 1 or the face c 2 by using upper two sides of the face 

40 Cj or starting with apexes (H A and H 2 ) of the triangular-pyramidal reflective elements as one sides and sharing one 
ridge line of the triangular-pyramidal reflective elements and using the ridge line as one side, and when assuming the 
height from the apexes (H^ and H 2 ) of the triangular-pyramidal reflective elements up to the base plane (X-X') including 
the'base edges (x, x, ...) of the hexagonal lateral faces (faces and C2) of the triangular-pyramidal reflective elements 
as (h), the height from the apexes (H^ and H 2 ) of the triangular-pyramidal reflective elements up to a substantially hor- 

45 izontal plane (Z-Z 1 ) including base edges (z and w) of other lateral faces (faces a^ and b] and faces a 2 and b 2 ) of the 
triangular-pyramidal reflective elements as (h 0 ), the intersection between a vertical line from the apexes (H 1 and H 2 ) of 
the triangular-pyramidal reflective elements to the base plane (X-X') and the base plane (X-X') as P, the intersection 
between an optical axis passing through the apexes (H-j and H 2 ) and the base plane (X-X 1 ) as Q, and moreover, 
expressing distances from the intersections (P) and (Q) up to planes (Y-Y 1 , Y-Y', ...) including the base edges (x, x, ...) 

so shared by the triangular-pyramidal reflective elements and vertical to the base plane (X-X') as p and q, the optical axis 
tiits in a direction in which (q-p) becomes positive (+) and the above h and h 0 are not substantially equal to each other. 

[0051] Egs.-9-and-10-show-a4op-view-and~a-sectional-view-fo^ 

cube-corner retroreflective elements of the present invention. Fig. 9 shows that triangular-pyramidal cube-corner retro- 
reflective elements protruded beyond a common base plane (X-X') share a base edge (x) on the base plane, and they 

55 are faced each other and arranged on the base plane in the closest-packed state. 

[0052] Moreover, Fig. 1 0 shows a sectional view of negatively-tilted triangular-pyramidal reflective elements of the 
present invention cut by the sectional line (L-U) of the element group shown in Fig. 9. As shown in Fig. 9, the negatively- 
tilted triangular-pyramidal reflective, elements of the present invention are constituted of substantially-same triangular 
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lateral faces (faces and C2) using the shared base edge (x, x, ...) as one side and two substantially-same quadran- 
gular lateral faces (faces c 1 and bj and faces a 2 and bg) substantially orthogonal to the lateral faces (faces q and C2) 
using two upper sides of the lateral faces (faces c-| and c 2 ) starting with apexes (H 1 and H 2 ) of the triangular-pyramidal 
reflective elements as one sides, sharing one ridge line of the triangular-pyramidal reflective elements, and using the 
ridge line as one side. 

[0053] As shown in Fig. 9, the negatively-tilted triangular-pyramidal reflective elements of the present invention 
shares a base edge (x, x, ...) on a base plane (X-X') and they are faced each other to form the substantially-same ele- 
ment pair faced so as to be substantially symmetric and arranged in the closest-packed state at a repetitive pattern. 
However, because the base plane (X-X') is located at a position substantially upper than a horizontal plane (Z : Z*) serv- 
ing as a common plane, the shared base edges (x, x, ...) do not constitute a continuous straight line through they are 
present on one straight light but they form a broken line broken every certain interval. Moreover, many base edges (x, 
x, ...) shared by a group of adjacent other triangular-pyramidal reflective element pairs are parallel with the broken 
straight line constituting the base edges (x, x, ...) to form a broken parallel straight-line group having equal repetitive 
pitches. 

[0054] Therefore, though the lateral faces (faces c, and c 2 ) of the negatively-tilted triangular-pyramidal reflective 
element of the present invention are faced each other by sharing base edges (x, x, ...), the base edges (x, x, ...) do not 
constitute a continuous straight line as described above but they form a broken line broken every certain interval. More- 
over, though faces c-| are present on a virtual plane, they do not form a continuous plane but they form independent sub- 
stantially-isosceles-triangular strings arranged in the same pattern every certain interval. The same is true for the face 
c 2 . A virtual plane including a string of faces c 1 and a virtual plane including a string of faces c 2 intersect each other at 
base edges (x, x, ...) and cross sections of them form a V-shaped groove and are faced each other. 
[0055] To easily understand the present invention, Fig. 1 1 shows an enlarged top view of a pair of negatively- tilted 
triangular-pyramidal reflective elements shown as the following patterns in Fig. 9 and Fig. 12 shows a side view from 
the arrow direction shown by the line L-L' in Fig. 11. 



Figs. 11 and 12 are described below. The face of the right element R 1 (that is, the element shown by the following 
pattern in Fig. 9) of a pair of negatively-tilted triangular-pyramidal reflective elements of the present invention is a trian- 
gular plane surrounded by points H r D-E, the face a A is a quadrangular plane surrounded by points H r F r A-D, the face 
b-| is a quadrangular plane surrounded by points H r F r B-E, the faces and b^ have the substantially same shape, 
and the faces c 1( a 1t and b^ are substantially orthogonal to each other. 



[0056] Moreover, the base plane of the right triangular- pyramidal reflective element R^ shown by a plane A-B-F^ 
forms a part of the horizontal plane (Z-Z') serving as a common plane. 

[0057] In Fig. 12, the left triangular-pyramidal reflective element shown by R 2 corresponds to the left triangular- 
pyramidal reflective element of the above element pair shown by the following pattern in Fig. 9, the base plane of the 
element is shown by A-B-F 2 , the left triangular-pyramidal reflective element R 2 whose base plane is shown by A-B-F 2 
has the substantially same shape as the right reflective .element R-j whose base plane is shown by A-B-F-j and located 
at the both sides of the base edge (D-E) (this is present on the shared base edge x in Fig. 3) shared by the faces and 
C2 of-the-both-elements-R r and-R 2r and-the-left-element-R 2 -has a-shape-obtained-by-rotating-the-right element Rvcoun-— 
terclockwise by 1 80° about the middle point (O) of the base edge (D-E) shared by the both elements R^ and R 2 on the 
base plane (X-X'). 
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[0058] Therefore, the face Cg shown by points H 2 -D-E of the left element R 2 in Fig. 11 , the face b 2 shown by points 
10 H 2 -F 2 -A-D, and the face a 2 shown by points H 2 -F 2 -B-E have the substantially same shape and the faces C2, a 2 , and b 2 
are also substantially orthogonal to each other. 

[0059] Therefore, the height from the valley formed between lateral faces and bj and lateral faces a 2 and of 
the negatively -tilted triangular-pyramidal reflective elements and R 2 of the present invention up to the apexes and 
H 2 is shown as h 0 . 

15 [0060] Moreover, as shown in Figs. 1 1 and 12, the base edge D-E shared by the faced faces and a, of the neg- 
atively-tilted triangular-pyramidal reflective elements R 1 and R 2 of the present invention is present on the base plane 
(X-X 1 ) and the height from the base plane (X-X') up to the apexes H 1 and H 2 of the elements Rj and R 2 is shown as h 
in Fig. 12. Furthermore, the height h corresponds to the depth of the V-shaped valley formed by the faces a, and c 2 from 
the apexes Hj and H 2 of the elements. 

20 [0061] In the case of negatively-tilted triangular-pyramidal reflective elements of the present invention, base edges 
of the faces a 1 and a 2 of the elements R A and R 2 are present on a common line z as shown in Figs. 9 and 1 1, base 
edges of the faces and b 2 are located on a common line w, and base edges of the faces q and C2 are located on a 
common line x. 

[0062] As shown in Figs. 9 to 12, in the case of many negatively-tilted triangular-pyramidal reflective elements of 
25 the present invention, two c faces to which the elements correspond share base edges (x, x, ...) and they are faced each 
other and arranged on a substrate in the closest-packed state. 

[0063] A negatively-tilted triangular- pyramidal cube-corner retroreflective sheeting of the present invention shown 
in Figs. 9 to 12 is a triangular-pyramidal cube-corner retroreflective sheeting characterized in that triangular-pyramidal 
cube-corner retroreflective elements protruded beyond a common base plane (X-X 1 ) are faced each other and arranged 

30 in the closest-packed state by sharing one base edge on the base plane (X-X'), the base plane (X-X') is a common 
plane including many base edges (x, x, ...) shared by the triangular-pyramidal reflective elements, the two triangular- 
pyramidal reflective elements faced each other constitute an element pair having substantially same shape faced so as 
to be respectively substantially symmetric to planes (Y-Y 1 , Y-Y, ...) vertical to the base plane (X-X 1 ) including many 
shared base edges (x, x, ...) on the base plane (X-X 1 ), the triangular-pyramidal reflective elements are constituted of 

35 substantially same triangular lateral faces (faces c 1 and eg) using the shared base edges (x, x, ...) as one sides and 
substantially same quadrangular lateral faces (faces a 1 and b 1 and faces a 2 and b 2 ) substantially orthogonal to the face 
Ct or the face by using upper two sides of the face c 1 or c 2 starting with apexes (H-) and H 2 ) of the triangular-pyram- 
idal reflective elements as one sides and sharing one ridge line of the triangular-pyramidal reflective elements and 
using the ridge line as one side, and when assuming the height from the apexes (H 1 and H 2 ) of the triangular-pyramidal 

40 reflective elements up to the base plane (X-X') including the base edges (x, x, ...) of the triangular lateral faces (faces 
C! and eg) of the triangular-pyramidal reflective elements as (h), the height from the apexes (H-j and H 2 ) of the triangu- 
lar-pyramidal reflective elements up to a substantially horizontal plane (Z-Z 1 ) including base edges (z and w) of other 
lateral faces (faces a-, and b-j and faces a 2 and b 2 ) of the triangular-pyramidal reflective elements as (h 0 ) ( the intersec- 
tion between a vertical line from the apexes (H^ and H 2 ) of the triangular-pyramidal reflective elements to the base 

45 plane (X-X') and the base plane (X-X 1 ) as R the intersection between an optical axis passing through the apexes (H t 
and H 2 ) and the base plane (X-X 1 ) as Q, and moreover, expressing distances from the intersections (P) and (Q) up to 
planes (Y-Y 1 , Y-Y', ...) including the base edges (x, x, ...) shared by the triangular-pyramidal reflective elements and ver- 
tical to the base plane (X-X') as p and q, the optical axis tilts in a direction in which (q-p) becomes negative (-) and the 
above h and h 0 are not substantially equal to each other. 

so [0064] The present inventor et a I. specified the tilt angle (6) of a retroreflective sheeting constituted of the positively- 
tilted or negatively -tilted triangular-pyramidal cube-corner retroreflective elements described above and the relation 
between the hj3ightjh 0 )^jT^^ — 
~ ujT to the base plane (X-X 1 ) and applied the patents as described above (Japanese Patent Application Nos. 
295907/1996 and 330836/1997). 

55 [0065] The present inventor et at. further continued the study. As a result, because we found that improvements in 
these two applications were not necessarily sufficient, we further developed the idea of minimizing the degree in which 
sizes of lateral faces (faces c 1 and c^) are relatively enlarged or contracted compared to other lateral faces (faces a 1 
and b 1 and faces a 2 and b 2 ) which is inevitably caused by a tilt of an optical axis and reached the present invention. 
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[0066] However, the present inventor et al. found that a triangular-pyramidal cube-corner retroreflective sheeting 
improved in entrance angularity and having a superior reflection brightness can be obtained when the ratio (h / h 0 ) 
between the height (h) from apexes (Hj and H 2 ) of two triangular-pyramidal reflective elements up to a base plane (X- 
X') including base edges (x, x, ...) common to two faced lateral faces (faces and c 2 ) of these two elements and the 
5 height (h 0 ) from the apexes (h^ and H 2 ) of the triangular-pyramidal reflective elements up to a substantially horizontal 
plane (Z-Z 1 ) including base edges (z and w) of other lateral faces (faces a T and b t and faces_a 2 and b 2 ) of the triangular- 
pyramidal reflective "elements meets a tilt angle 6 of an optical axis and a specific relational expression. 
[0067] A triangular-pyramidal cube-corner retroreflective sheeting of the present invention is characterized in that 
the above height ratio (h / h 0 ) meets a tilt angle (9) of an optical axis and the following relational expression (1). 

10 

0.15 Rs p s 1.5R (1) 

15 (In the above expression, R denotes a value defined by the following expression.) 

R _ sin(35.2544°-e)+1 ,2247sin6 
sin(35.2644°-6) 

20 

{In the above expression, it is assumed that when the above (q-p) has a negative (-) value, 0 takes a negative (-) value.} 
[0068] In the above expression (1) r when (h / h 0 ) has a very small value such as less than 0.5R, this is not prefer- 
able because the unbalance between areas of faces c, a, and b is insufficiently improved and the front brightness of an 
obtained retroreflective sheeting is low, and the entrance angularity is insufficiently improved. However, when (h / h 0 ) 

25 has a very large value exceeding 1 .5R, this is not preferable because the unbalance between areas of faces c, a, and 
b is excessively improved. In the case of a positive tilt, the face c becomes extremely larger than the faces a and b. In 
the case of. a negative tilt, the face c becomes extremely smaller than the faces a and b. This is not preferable because 
the front brightness of an obtained retroreflective sheeting is low and the entrance angularity is insufficiently improved 
similarly to the case of less than 0.5R. 

30 [0069] In the above expression (1), it is preferable that (h / h 0 ) is kept in the following range. 

0.6Rs^ 1.4 R (2) 
n o 



35 



40 



[0070] It is more preferable that (h / h 0 ) is kept in the following range. 



0.8Rs^s1.2R (3) 
n o 



[0071] It is particularly preferable that (h / h 0 ) is kept in the following range. 

0.85 R s £ s 1.15 R (4) 
45 n 0 

[0072] R in the above expressions is defined by the above expression (1) (or defined by claim 1). 
[0073] The present inventor et al. knew that it was more preferable that the rate of the difference between the value 
so of (h-h 0 ) / h(j , that is, the height (h 0 ) from apexes (H^ and H 2 ) of a triangular-pyramidal reflective element pair up to a 
horizontal plane (Z-Z') and the height (h) up to a base plane (X-X 1 ) to the height (h 0 ), in other words, the relation 
betw een _a_deep_gimve_orJhe.degree of-the-deep-groove-and a tilt-angie-(6)-meets-the-following-expression-(5)-and-it 



was particularly preferable that the rate meets the following expressions (5) and (6) 

h-h 



0.3(R- 1) s —5 ^ 1.5(R- 1) (5) 
n o 



11 



EP1 081 511 A1 

h-h 0 

0.4(R-1)=s -r-5 s 1.2(R-1) 



(6) 



5 (In the above expressions (5) and (6), D denotes a value defined by the following expression.) 

1.2247sin0 
sin(35.2644°-G) 

10 

[0074] A positively- or negatively-tilted triangular-pyramidal cube-corner retroreflective sheeting of the present 
invention is preferable in which the optical axis of a triangular-pyramidal reflective element pair tilts by 3 to 15° from a 
vertical plane (Y-Y 1 ) in a direction in which the difference (q-p) between the distance (p) from the intersection (P) 
between a vertical line extended from apexes (H 1 and H 2 ) of a triangular-pyramidal reflective element pair to a horizon- 
15 tal plane (Z-Z 1 ) and the horizontal plane (Z-Z') up to vertical planes (Y-Y\ Y-Y\ ...) including base edges (x, x, ...) shared 
by the element pair and the distance (q) from the intersection (Q) between the optical axis of the triangular-pyramidal 
reflective element pair and the horizontal plane (Z-Z 1 ) up to the planes (Y-Y\ Y-Y', ...) vertical to the base plane (X-X') 
including base edges (x, x, ...) shared by the element pair becomes positive or negative. 

[0075] In the case of the present invention, when referring to Figs. 8 to 1 2, a cube-corner retroreflective sheeting is 

20 preferable in which an angle (6) from a vertical line (H-j-P) to the horizontal plane (Z-Z 1 ) {this can be also considered as 
a plane (Y-Y') vertical to the base plane (X-X 1 )} from the apex of the triangular-pyramidal reflective element Rf is 
referred to as an optical-axis tilt angle and the optical axis passing through the apex H-j tilts in a direction in which the 
above (q-p) becomes positive or negative so that the optical-axis tilt angle (0) ranges between 4 and 12°, particularly a 
triangular-pyramidal cube-corner retroreflective sheeting is preferable in which the optical axis tilts by 5° to 10° from the 

25 vertical plane (Y-Y 1 ) in a direction in which the above (q-p) becomes positive or negative. 

[0076] In the case of positively-tilted triangular-pyramidal reflective elements of the present invention, the height (h) 
from the apexes (H 1 and H 2 ) of the reflective elements up to the base plane (X-X') including base edges (x, x, ...) shared 
by the element pair is substantially larger than the height (h 0 ) from the apexes (H-j and H 2 ) of the triangular-pyramidal 
reflective elements the substantially horizontal plane (Z-Z 1 ) substantially including base edges (z and w) as shown in 

30 Fig. 8. Therefore, various optical characteristics are improved. 

[0077] The above improvement can be realized because h is substantially larger than h 0 and thereby, it is possible 
to increase the area of the face compared to the area of the lateral face c t of the prior art in which h is equal to h 0 . 
Particularly, in the case of light almost-vertically entering the face c 1t in other words, light having a large entrance angle, 
the entrance angularity is remarkably improved because the area of the face c 1 is increased. 

35 [0078] In the case of a negatively-tilted triangular-pyramidal reflective elements of the present invention, the height 
(h) from apexes (H-i and H 2 ) of the reflective elements up to the base plane (X-X 1 ) including base edges (x, x, ...) shared 
by the element pair is substantially smaller than the height (h 0 ) from the apexes (h^ and H 2 ) of the triangular-pyramidal 
reflective elements up to the substantially horizontal plane (Z-Z') including base edges (z and w). Therefore, various 
optical characteristics are improved. 

40 [0079] The above improvement can be realized because h is substantially smaller than h 0 and thereby it is possible 
to decrease the area of the face compared to the area of the lateral face c-\ of the conventional art in which h is equal 
to ho, in other words, it is possible to make the area of the face a-| relatively larger than that of the face bj. Particularly, 
in the case of light almost vertically entering the faces a 1 and b 1( in other words, light having a large entrance angle, the 
entrance angularity is remarkably improved because areas of the faces a 1 and b 1 are increased. 

45 [0080] In the case of the present invention, the entrance angularity is improved because an optical axis tilts so that 
the above (q-p) becomes positive or negative. A triangular-pyramidal reflective element with an optical axis tilted 
according to the prior art has disadvantages that a normal triangular-pyramidal reflective element with an optical axis 
not tilted tilts its optical axis so that the above (q-p) becomes positive or negative, thereby areas of lateral faces (faces 
c-i and c^) having a common base edge (x) are decreased compared to areas before tilted in positive tilt but increases 

so in negative tilt, the difference between sizes of two other faces and bj becomes remarkable, and the probability of 
causing three-face reflection and then retroreflection is deteriorated. For the incoming light to reflect from three tilted 

_ ___sidejaces_and„efficiently_ret^ 

described above. In the case of a tilted triangular-pyramidal reflective element of the prior art, however, the probability 
of causing three-face reflection and then retroreflection described above is deteriorated because the difference 

55 between areas of lateral faces (faces c 1 and c^) having a common base edge becomes remarkable compared to the 
case of two other faces (face and and faces a 2 and b 2 ) as a tilt angle increases. Therefore, not only the retrore- 
flective performance of the light incoming from the front (front reflection brightness) is deteriorated but also the retrore- 
flective performance when an entrance angle increases (entrance angularity) is deteriorated. 
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[0081 J When an optical axis tilts so that (q-p) becomes positive (+), areas of lateral faces (faces c t and c 2 ) of a tri- 
angular-pyramidal reflective element decreases to approx. 91 % when an optical-axis tilt angle (6) is +3°, to approx. 86% 
when the tilt angle (G) is +4°, and to approx. 62% when the tilt angle (G) is +12°, compared to areas before the optical 
axis tilts. When the optical axis tilts so that (q-p) becomes negative (-), areas of lateral faces (faces and bi and faces 
5 a 2 and b 2 ) decreases to approx. 90° when an optical-axis tilt angle (6) is -3°, to approx. 87% when the tilt angle (6) is - 
4°, and to approx. 65% when the tilt angle (6) is -12°, compared to areas before the optical axis tilts. 
[0082] in the case of positively-tilted triangular-pyramidal reflective elements of the present invention, however, it is 
possible to increase areas of lateral faces (faces c 1 and C2) compared to areas of tilted side faces of a triangular- pyram- 
idal reflective elements formed in accordance with the prior art because the positively-tilted triangular-pyramidal reflec- 
ts tive elements are designed so that the height (h) from apexes (H 1 and H 2 ) up to a base plane (X-X 1 ) is substantially 
larger than the height (h 0 ) up to a horizontal plane (Z-Z). In the case of negatively-tilted triangular-pyramidal reflective 
elements of the present invention, however, it is possible to increase areas of two lateral faces (faces a-| and and 
faces a 2 and b 2 ) compared to tilted side faces of triangular-pyramidal reflective elements formed in accordance with the 
prior art because the negatively-tilted triangular-pyramidal reflective elements are designed so that the height (h) from 
15 apexes (H-, and H 2 ) up to a base plane (X-X 1 ) is substantially smaller than the height (h 0 ) up to a horizontal plane (Z-Z 1 ). 
[0083] Thus, a triangular-pyramidal reflective element of the present invention particularly makes it possible to 
improve the disadvantage that brightness is deteriorated due to the unbalance between areas of faces a, b, and c of the 
element caused by tilting an optical axis so that its tilt angle (9) indicates 3° to 1 5° in a direction in which (q-p) becomes 
negative (-) or positive (+). 

20 [0084] Because of the above reason, in the case of the present invention, it is preferable to tilt an optical axis so that 
its tilt angle (9) indicates 4° to 12°, preferably 5° to 10° in a direction in which (q-p) becomes negative (-) or positive (+). 
In the case of a triangular-pyramidal reflective element in which its optical axis tilts by an angle exceeding 15° in a direc- 
tion in which the tilt angle (0) of the optical axis becomes negative (-) or positive (■*-), the element is excessively 
deformed and thereby, the rotation angularity tends to deteriorate because reflection brightness greatly depends on the 

25 direction of light entering the element (rotation angle). 

[0085] It is preferably recommended that the height (h 0 ) from apexes (H 1 and H 2 ) of triangular-pyramidal reflective 
elements of the present invention up to a horizontal plane (Z-Z') ranges between 50 and 400 ujti, more preferably 
between 60 and 200 urn When the height (h 0 ) is less than 50 pirn, the size of an element becomes too small and 
thereby, divergence of retro reflected light is excessively increased due to the diffraction effect determined by a bottom 

30 opening area of an element and the front brightness characteristic tends to deteriorate. Moreover, when the height (h 0 ) 
exceeds 400 u.m, the thickness of a sheeting becomes excessive and thereby, a flexible sheeting cannot be easily 
obtained. 

[0086] Furthermore, three prism face angles formed by the fact that three lateral faces (faces a 1( b-,, and Cj) or 
(faces a 2 , b 2 , and c 2 ) serving as prism faces of a triangular-pyramidal reflective element of the present invention inter- 

35 sect each other substantially becomes right angles. However, it is not always necessary that they are strictly right 
angles. It is also possible to provide a very small angle deviation from right angle according to necessity. By providing 
a very slight angle deviation for the prism face angles, it is possible to properly emanate the light reflected from an 
obtained triangular-pyramidal reflective element However, when excessively increasing the angle deviation, the retro- 
reflective performance is deteriorated because the light reflected from the obtained triangular-pyramidal reflective eie- 

40 ment extremely emanates. Therefore, it is preferable to keep at least one prism face angle formed when these three 
lateral faces (faces a 1( b 1( and c-, or faces a 2 , b 2 , and c 2 ) intersect each other generally in a range of 89.5° to 90.5°, 
preferably in a range of 89.7° to 90.3°. 

[0087] It is possible to generally manufacture a triangular-pyramidal cube-corner retroreflective sheeting of the 
present invention by using a cube-corner molding die in which shapes of the above-described triangular-pyramidal 
45 reflective elements are arranged on a metallic belt in the closest-packed state as inverted concave shapes and thereby, 
thermally pressing a proper flexible resin sheeting superior in optical transparency and uniformity to be described later 
against the molding die and inversely transferring the die shape to the resin sheeting. 

[0088] A typical manufacturing method of the above cube-corner molding die is disclosed in, for example, the above 
Stamm's US Pat. No. 3,712707 in detail and it is possible to adopt a method conforming to the above method for the 
so present invention. 

[0089] Specifically, parallel grooves having the same depth (h 0 ) and a V-shaped sectional form is cut on a substrate 
whose surface is flatly gr^^y^ingj^ca£bide^ 

ing a" poinTangle of 66.4 to 537° for negative tilt (e.g. diamond cutting tool or tungsten-carbide cutting tool) and thereby 
deciding a repetitive pitch, a groove depth (h 0 ), and a mutual crossing angle in accordance with the shape of a pur- 
55 posed triangular-pyramidal reflective element in two directions (z direction and w direction in Fig. 3) and then, a micro- 
prism mother die is formed in which convex very-small triangular pyramids are arranged in the closest-packed state by 
using a carbide cutting tool having a point angle of 64.5 to 46.5° for positive tilt and having a point angle of 78.5 to 1 00.5° 
for negative angle and thereby cutting a V-shaped parallel groove at a repetitive pitch (repetitive pitch of line x in Fig. 3) 
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passing through the intersection between the formed z -directional groove and w-directional groove and bisecting a sup- 
plementary angle of the crossing angle of these two directions (in this case, the acute angle is referred to as "crossing 
angle") in the third direction (x direction). In this case, the present invention performs cutting by adjusting the depth (h) 
of the x-directional groove so that it is deeper than the depth (h 0 ) of the z- and w-directional grooves for positive tilt and 

5 shallower than the depth (h 0 ) of the z-and w-directional grooves for negative tilt. 

[0090] In the case of a preferred mode of a positively-tilted reflective element of the present invention, the z- and w- 
directional repetitive pitch ranges between 100 and 810 ^m, the groove depth (h 0 ) ranges between 50 and 400 u,m, the 
mutual crossing angle ranges between 43 and 55°, and the x-directional groove depth (h) ranges between 75 and 600 
|im. In the case of a preferred mode of a negatively-tilted reflective element, a z- and w-directional repetitive pitch 

10 ranges between 104 and 992 u,m, the groove depth (h 0 ) ranges between 50 and 400 jwn, the mutual crossing angle 
ranges between 64.7 and 75.1°, and the x-directional groove depth (h) ranges between 33 and 380 urn 
[0091] Cutting of x-, w-, and z-directional grooves is generally performed so that the cross section of each groove 
becomes isosceles triangular. However, it is also possible to cut these three directional grooves so that the cross sec- 
tion of at least one-directional groove is slightly deviated from an isosceles triangular shape. A method of cutting a 

15 groove by using a cutting tool whose front-end shape is asymmetric to right and left or a method of cutting a groove by 
slightly tilting a cutting tool symmetric to right and left can be listed. Thus, by slightly shifting the cross section of a 
groove from an isosceles triangular shape, it is possible to provide an angle deviation slightly deviated from right angle 
(90°) for at least one of prism face angles of three lateral faces (faces a 1f b 1( and c t or faces a 2 , b 2 , and C2) of an 
obtained triangular-pyramidal reflective element and thereby, it is possible to properly emanate the light reflected from 

20 a triangular-pyramidal reflective element from a complete retroreflective direction. 

[0092] It is preferable to use a metal having a Vickers hardness (J IS Z 2244) of 350 or more, particularly 380 or 
more as a substrate which can be preferably used to form the above microprism mother die. Specifically, amorphous 
copper, electrodeposited nickel, or aluminum can be used as the substrate. Moreover, a copper- zinc alloy (brass), cop- 
per-tin-zinc alloy, nickel-cobalt alloy, nickel-zinc alloy, or aluminum alloy can be used as the substrate. 

25 [0093] It is also possible to use a synthetic resin as the above substrate. It is preferable to use a material made of 
a synthetic resin having a glass transition point of 150°C or higher, particularly 200°C or higher and a Rockwell hard- 
ness (J IS Z 2245) of 70 or more, particularly 75 or more as the above substrate because a synthetic resin does not eas- 
ily cause a trouble that the resin is softened under cutting to make high-accuracy cutting difficult Specifically, one of the 
following materials can be used: polyethylene-terephthalate-based resin, polybutylene-phthalate-based resin, polycar- 

30 bonate-based resin, polymethyl-methacrylate-based resin, polyimide-based resin, polyarylate-based resin, polyhether- 
surfone-based resin, polyetherimide-based resin, and cellulose -triacetate-based resin. 

[0094] To form a flat plate by one of the above synthetic resins, it is possible to use the normal resin forming method 
such as extrusion molding method, calender molding method, or solution casting method and moreover perform heat- 
ing and extending according to necessity. Thus, it is possible to apply the preparatory conduction treatment to the plane 

35 of the flat plate thus formed in order to simplify the conduction treatment and/or electroforming for forming an electro- 
forming die from a prism mother die formed in accordance with the above method. For the preparatory conduction treat- 
ment, one of the following methods can be used: vacuum evaporation method for vacuum-evaporating such metals as 
gold, silver, copper, aluminum, zinc, chromium, nickel, and selenium; cathode sputtering method using the above met- 
als, and electroless plating method using copper or nickel. Moreover, it is allowed to make the flat plate conductive by 

40 mixing conductive impalpable powder such as carbon black or the like or organometallic salt into a synthetic resin. 
[0095] Then, the surface of the obtained microprism mother die is electroformed and a metallic film is formed. By 
removing the metallic film from the surface of the mother die, it is possible to form a metallic die for forming a triangular- 
pyramidal cube-corner retroreflective sheeting of the present invention. 

[0096] In the case of a metallic mother die, it is possible to electroform the mother die immediately after cleaning 
45 the surface of the die according to necessity. In the case of a synthetic-resin micro-prism mother die, however, it is nec- 
essary to apply conduction treatment to the prism surface of the mother die in order to make the surface conductive 
before electroforming the mother die. As the conduction treatment, it is possible to use silver mirroring, electroless plat- 
ing, vacuum evaporation, or cathode sputtering. 

[0097] Specifically, as the above silver mirroring, a method can be used in which the surface of a mother die formed 
so in accordance with the above method is cleaned with an alkaline detergent to remove contamination such as oil com- 
ponent and the like, then activated by a surface-active agent such as tannic acid, and then silver-mirrored by a silver- 
nitrate aqueous solution. The silver mirrorin g cjinjdgirtt^ 

silver-nitrate aqueous solution and a reducing agent (grape sugar or glyoxal) aqueous solution or the dipping method 
for dipping an object in a mixed solution of a silver-nitrate aqueous solution and a reducing- agent aqueous solution. 
55 Moreover, it is preferable that a silver-mirrored film has a thickness as small as possible in a range in which the conduc- 
tivity under electroforming is satisfied such as a thickness of 0.1 urn. 

[0098] Electroless plating uses copper or nickel. An electroless nickel plating solution can use nickel sulfate or 
nickel chloride as water-soluble metallic salt of nickel. A plating solution is used which is obtained by adding a solution 
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mainly containing citrate and malate respectively serving as a complexing agent, and sodium hypophosphite, boronized 
hydrogen sodium, and amine borane respectively serving as a reducing agent to the electroless nickel plating solution. 
[0099] Vacuum evaporation can be performed by cleaning the surface of a mother die, then putting the die in a vac- 
uum system, thermally evaporating gold, silver, copper, aluminum, zinc, nickel, chromium, and selenium, precipitating 

5 them on the cooled mother-die surface, and forming a conductive film. Moreover, cathode sputtering can be performed 
by putting a mother die treated similarly to the case of the vacuum evaporation in a vacuum system in which a cathode 
plate capable of mounting a smooth and desired metallic foil and an anode table made of a metal such as aluminum or 
iron for mounting a material to be treated and setting the mother die on the anode table, setting a metallic foil same as 
that used for the vacuum evaporation to a cathode and electrifying the foil to cause glow discharge, making an anode- 

10 ion flow generated by the glow discharge collide with the cathode metallic foil and thereby evaporating metallic atoms 
or particles, precipitating the metallic atoms or particles on the surface of the mother die, and forming a conductive film. 
The thickness of a conductive film formed by one of the above methods is 30 nm. 

[0100] To form a smooth and uniform electroformed layer on a prism mother die made of a synthetic resin through 
electroforming, it is necessary to uniformly apply conduction treatment to the entire surface of the mother die. When 
15 conductive treatment is ununiformly performed, a trouble may occur that the smoothness of the surface of the electro- 
formed layer at a portion inferior in conductivity is deteriorated or no electroformed layer is formed but a defective por- 
tion is formed. 

[0101] To avoid the above trouble, it is possible to use a method of improving the wetness of a silver-mirrored film 
by treating a treatment face with a solvent such as alcohol immediately before silver mirroring. However, because a syn- 
20 thetic-resin prism mother die formed for the present invention has a very deep acute-angle concave portion, wetness 
tends to be incompletely improved. The trouble of a conductive film due to the concave portion also easily occurs in vac- 
uum evaporation. 

[0102] To uniform the surface of an electroformed layer obtained through electroforming, activation is frequently 
performed. The activation can use a method of dipping an object in a 10-wt% sulfamic-acid aqueous solution. 

25 [0103] When electroforming a silver- mirrored synthetic- res in mother die, a silver layer is integrated with an electro- 
formed layer and easily separated from the synthetic-resin mother die. However, when forming a conductive film made 
. of nickel or the like through electroless plating or cathode sputtering, it may be difficult to separate an electroformed 
layer from a synthetic-resin layer after electroforming because the synthetic- resin surface easily closely-contacts with 
the conductive film. In this case, it is preferable to apply the so-called separation treatment such as chromate treatment 

30 onto the conductive layer before electroforming. In this case, the conductive layer remains on the synthetic-resin layer 
after separated. 

[0104] The synthetic- resin prism mother die on which the conductive film is formed undergoes the above various 
pretreatments and then, an electroformed layer is formed on the conductive film through electroforming. In the case of 
metallic prism mother die, the surface of the die is cleaned according to necessity and then, an electroformed layer is 

35 directly formed on the metal. 

[0105] Electroforming is generally performed in a 60-wt% nickel -sulfam ate aqueous solution at 40°C and a current 
of approx. 1 0 A/dm 2 . A uniform electroformed layer is easily obtained by setting an electroformed-layer forming rate to, 
for example, 48 hr/mm or less. However, at a forming rate of more than 4B hr/mm, a trouble easily occurs that the sur- 
face smoothness is deteriorated or a defective portion is easily formed in an electroformed layer. 

40 [0106] In the case of electroforming, it is also possible to perform nickel-cobalt-alloy electroforming to which a com- 
ponent such as cobalt is added in order to improve the die-surface abrasion characteristic. By adding 10 to 15 wt% of 
cobalt, it is possible to improve the Vickers hardness Hv of an obtained electroformed layer up to 300 to 400. Therefore, 
it is possible to form a synthetic resin by an obtained electroformed die and improve the durability of the die in order to 
manufacture a triangular-pyramidal cube-corner retro reflective sheeting of the present invention. 

45 [0107] A first-generation electroforming die thus formed from a prism mother die can be repeatedly used as an 
electroforming master used to form a second-generation electroforming die. Therefore, it is possible to form many elec- 
troforming dies from one prism mother die. 

[0108] ■ A plurality of electroforming dies formed are precisely cut, combined and joined up to a final die size for form- 
ing a microprism sheeting and used. To join the electroforming dies, it is possible to use a method of merely butting cut 
so end faces each other or a method of welding combined joints through electron-beam welding, YAG laser welding, or 
carbon-dioxide laser welding. 

[0109] Acombinedelectroforming-die-is-used-to-mold a synthetic-resin-as a-synthetic-resin^molding-dierAs-the syn- 
thetic-resin molding method, it is possible to use compression molding or injection molding. 

[0110] Compression molding can be performed by inserting a formed thin-wall nickel electroforming die, a syn- 
55 thetic-resin sheeting having a predetermined thickness, and a silicon -rubber sheeting having a thickness of approx. 5 
mm as a cushion material into a compression-molding press heated to a predetermined temperature, then preheating 
them at a pressure of 10 to 20% of a molding pressure for 30 sec, and then heating and pressing them for approx. 2 
min under a condition of 10 to 30 kg/cm 2 . Thereafter, it is possible to obtain a prism molding product by lowering the 
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temperature up to room temperature while pressed and releasing the pressure. 

[0111] Moreover, it is possible to obtain a continuous-sheeting-like product by joining a thin-wall electroforming die 
having a thickness of approx. 0.5 mm formed by the above method through the above welding method to form an end- 
less belt die, setting the belt die on a pair of rollers constituted of a heating roller and a cooling roller and rotating the 
s belt die, supplying melted synthetic resin in the form of a sheeting to pressure-mold the melted synthetic resin with one 
silicone roller or more and then, cooling the resin to the glass transition point or lower on the cooling roller, and sepa- 
rating the resin from the belt die. 

[0112] Then, a negatively-tilted triangular-pyramidal cube-corner retroreflective sheeting which is one mode of a 
preferred structure of a triangular-pyramidal cube-corner retroreflective sheeting of the present invention is described 
w below by referring to Fig. 13 showing a sectional view of the negatively-tilted triangular-pyramidal cube-corner retrore- 
flective sheeting. 

[0113] In Fig. 1 3, symbol (1) denotes a reflective element layer in which triangular-pyramidal reflective elements (F^ 
and R 2 ) of the present invention are arranged in the closest-packed state, (2) denotes a holder layer for holding the 
reflective elements, and (10) denotes a light entrance direction. Though the reflective element layer (1) and holder layer 

75 (2) are normally united into one body, it is also allowed to superpose separate layers each other. Correspondingly to the 
purpose and working environment of a retroreflective sheeting of the present invention, it is possible to form a surface 
protective layer (4), a printing layer (5) for communicating information to an observer or coloring a sheeting, a binder 
layer (6) for achieving an enclosing-sealing structure for preventing moisture from entering the back of a reflective ele- 
ment layer, an air layer (3) enclosed by the reflective element layer (1) and binder layer (6) to assure retroreflection at 

20 an interface between reflective elements, a support layer (7) for supporting the binder layer (6), an adhesive layer (8) 
used to attach the retroreflective sheeting to other structure, and a separating-material layer (9). 
[0114] It is possible to use the same resin as that used for the retroreflective element layer (1). Moreover, to improve 
the weather resistance, it is possible to use an ultraviolet absorbent, light stabilizer, and antioxidant independently or by 
combining them. Moreover, it is possible to add various organic pigments, inorganic pigments, and dyes as colorants. 

25 [01 15] It is generally possible to set the printing layer (5) between the surface protective layer (4) and holder layer 
(2) or on the surface protective layer (4) or the reflection face of a reflective element (1) by means of gravure printing, 
screen printing, or ink jet printing. 

[01 1 6] Though any material can be used as a material constituting the reflective element layer (1 ) and holder layer 
(2) as long as the material meets flexibility which is one of the objects of the present invention, it is preferable to use a 
30 material having optical transparency and uniformity. The following materials can be used for the present invention: olefin 
resins such as polycarbonate resin, vinyl chloride resin, (meth)acrylic resin, epoxy resin, styrene resin, polyester resin, 
fluorine resin, and polypropylene resin; cellulose-based resins; and urethane resin. 

[0117] It is general to set the air layer (3) to the back of a cube-corner retroreflective element in order to increase a 
critical angle for meeting an internal total-reflection condition. It is preferable that the reflective element layer (1) and 

35 support layer (7) are enclosed and sealed by the binder layer (6) in order to prevent such troubles as decrease of a crit- 
ical angle and corrosion of a metal layer due to moisture under a working condition. The above enclosing and sealing 
method can use one of the methods disclosed in the UP Pat. Nos. 3,1 90,1 78 and 4,025,1 59 and Japanese Utility Model 
Laid-Open No. 28669/1975. It is possible to use one of the resins such as (meth)acrylic resin, polyester resin, alkyd 
resin, and epoxy resin for the binder layer (6). As a joining method, it is possible to properly use the publicly-known ther- 

40 mal-fusion-resin joining method, thermosetting-resin joining method, ultraviolet-curing- resin joining method, or elec- 
tron-beam-curing-resin joining method. 

[0118] It is possible to apply the binder layer (6) to the entire surface of the support layer (7) and selectively set the 
layer (6) to a joint with a retroreflective element layer by a method such as the printing method. 
[0119] It is possible to use a resin constituting a retroreflective element, general film-moldable resin, fiber, cloth, 
45 metallic foil of stainless steel or aluminum, or plate as a material constituting the support layer (7) independently or by 
combining them. 

[0120] As the adhesive layer (8) used to attach a retroreflective sheeting of the present invention to a metallic plate, 
wooden plate, glass plate, or plastic plate and the separating-material layer (9), it is possible to properly select a pub- 
licly-known material. 

so [0121] The present invention is more minutely described below by referring to embodiments and comparative 
examples. 



Embodiment 1 : 

55 [0122] A parallel groove having a V-shaped cross section was cut on a brass plate of 50-mm square whose surface 
was flatly ground through the fly cutting method at a repetitive pattern in the first direction (z direction in Fig. 5) and the 
second direction (w direction in Fig. 5) by using a diamond cutting tool having a point angle of 77.04° so that the first- 
and second-directional repetitive pitch is 1 69.70 urn, the groove depth (h 0 ) is 80.00 um, and the crossing angle between 
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lines z and w shown by <A-K 1 -B in Fig. 7 becomes 50.68°. 

[0123] Thereafter, a V-shaped groove was cut in the third direction (x direction) by using a diamond cutting tool hav- 
ing a point angle of 56.53° so that the repetitive pitch (repetitive pitch of line x in Fig. 3) was 1 98.26 jim, the groove depth 
(h) was 92.00 urn, and the crossing angle between the first and second directions on one hand and the third direction 

s on the other became 64.66° to form a mother die obtained by arranging many convex positively-tilted triangular-pyram- 
idal retroreflective elements in which the height (h 0 ) from the horizontal plane (Z-Z') of triangularly rami dal reflective 
elements up to the apexes (H<| and H 2 ) of the triangular-pyramidal reflective elements was 80.00 jmn and the height (h) 
from the base plane (X-X') up to the apexes (H-| and H 2 ) of the triangular-pyramidal reflective elements was 92.00 u,m 
on a brass plate in the closest-packed state. The optical-axis tilt angle of the triangular-pyramidal retroreflective element 

10 was +7°. Moreover, because h / h 0 is 92 / 80 = 1.15 , (h-h 0 ) / h 0 becomes 0.15 . Moreover, 

R _ sin(35.2644°-9)+1.2247sin9 _ 

M " sin(35.2644°-6) " 1,J15> 

15 

[0124] Therefore, D = R-1 = 0.315 was obtained. From these facts, obtained triangular-pyramidal reflective ele- 
ments showed h / h 0 = 0.875R and (h-h 0 ) / h 0 = 0.476 . 

[0125] A concave cube-corner-molding die which was made of nickel and whose shape was inverted was formed 
through electroforming by using the above brass mother die. A triangular-pyramidal cube-corner retroreflective sheeting 

20 made of polycarbonate was formed on whose surface positively-tilted triangular-pyramidal retroreflective elements in 
which the thickness of a support layer was approx. 150 jim, h 0 was 80 um and h was 92 u,m, and an angle deviation 
was not provided for prism face angles of three faces constituting a triangular pyramid were arranged in the closest- 
packed state by using the above molding die and thereby, compression-molding a polycarbonate- resin sheeting ("lUPI- 
LON E2000 made by Mitsubishi Engineering Plastics Corp.) having a thickness of 230 \im at a molding temperature of 

25 200°C and a molding pressure of 50 kg/cm 2 , then cooling the sheeting up to 30°C under a pressure, and then taking 
out the sheeting. 

Embodiment 2 : 

30 [0126] A mother the obtained by arranging many convex triangular-pyramidal cube corners in which the height (h 0 ) 
from the horizontal plane (Z-Z*) of triangular-pyramidal reflective elements was 80.00 u.m and the height (h 0 ) from the 
base plane (X-X 1 ) up to apexes (H 1 and H 2 ) of the triangular-pyramidal reflective elements was 64.00 u,m in the closest- 
packed state was formed on a brass plate similarly to the case of the embodiment 1 except that cutting was performed 
through the fly cutting method along the first direction (z direction) and the second direction (w direction) by using a dia- 

35 mond cutting tool having a point angle of 63.1 1 ° so that the first- and second-directional repetitive pitch was 1 49.33 u/n, 
the cut-groove depth (h 0 ) was 80.00 urn, and the crossing angle between the first and second directions became 67.85° 
instead of performing cutting along the first direction (z direction) and the second direction (w direction) by using a dia- 
mond cutting tool having a point angle of 77.04° so that the first- and second-directional repetitive pitch was 1 69.70 u,m, 
the groove depth (h 0 ) was B0.00 ujti, and the crossing angle between the first and second directions became 50.68° 

40 and cutting was performed by using a diamond cutting tool having a third- directional (x-directional) point angle of 84.53° 
so that the repetitive pitch was 146.1 9 jim, the cut-groove depth was 64.00 ^m, and the crossing angle between the first 
and second directions on one hand and the third direction on the other became 56.08° instead of cutting a V-shaped 
parallel groove by using a diamond cutting tool having a third-directional (x-directional) point angle of 56.53° so that the 
repetitive pitch was 198.26 um, the groove depth (h) was 92.00 jim, and the crossing angle between the first and sec- 

45 ond directions on one hand and the third direction on the other became 64.66°. The optical-axis tilt angle 6 of the trian- 
gular-pyramidal reflective element was equal to -7°. Moreover, h / h 0 was equal to 64 / 80 = 0.80, 
(h-h 0 )/h 0 was equal to -0.20, R was equal to 0.7781, and D was equal to R-1 =-0.2219. From these facts, an 
obtained triangular-pyramidal reflective element showed h / h 0 = 1 .028R and (h-h 0 ) / h 0 = 0.901 D . 
[0127] Then, similarly to the case of the embodiment 1, a concave cube-corner-molding die made of nickel was 

so formed by using the die and a triangular-pyramidal cube -corner retroreflective sheeting made of polycarbonate resin 
was formed on whose surface negatively-tilted triangular-pyramidal retroreflective elements in which the thickness of a 

_ sujDportJay^rwas appj;ox^ J50 ujtj,Ji 0 was 80 u,m^and_h_was,64.u.m,.and.an„angle deviation.was-not -provided -for prism- 
face angles of three faces constituting a triangular pyramid were arranged in the closest-packed state. 

55 Comparative example 1 : 

[0128] A mother die obtained by arranging many convex triangular-pyramidal cube corners in which the height 
(h 0 = h) of a cube-corner retroreflective element was 80.00 |im on a brass plate in the closest-packed state was 
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formed similarly to the case of the embodiment 1 except that cutting was performed through the fly cutting method so 
that the first- and second-directional repetitive pitch became 1 64.1 8 jam instead of performing cutting through the fly cut- 
ting method so that the first- and second-directional repetitive pitch became 169.70 u,m and cutting was performed so 
that the third-directional (x-directional) repetitive pitch became 191.81 ujti and the cut-groove depth (h) became 80.00 
s |im instead of cutting a V-shaped parallel groove so that the third-directional (x-directional) repetitive pitch became 
1 98.26 mm and the groove depth (h) became 92.00 urn. The optical-axis tilt angle e of the reflective element was +7° 
and prisrn face angles of three faces constituting a triangular pyramid were all 90°. 

[0129] Thereafter, a concave cube-corner molding die made of nickel was formed similarly to the case of the 
embodiment 1 and thereby, a polycarbonate- resin sheeting same as the case of the embodiment 1 was compression- 
10 molded under the molding condition same as the case of the embodiment 1 to form a triangular-pyramidal cube-corner 
retro reflective sheeting made of polycarbonate resin on whose surface positively-tilted triangular-pyramidal retroreflec- 
tive elements in which the thickness of a support layer was approx. 150 \im, h 0 was equal to h = 80 jim and an angle 
deviation was not provided for prism face angles of three faces constituting a triangular pyramid were arranged was 
formed. 

15 

Comparative example 2 : 

[0130] A mother die obtained by arranging many convex triangular-pyramidal cube corners in which the height 
(h 0 = h ) of a cube-corner retro reflective element was 80.00 urn were arranged on a brass plate in the closest-packed 

20 state was formed similarly to the case of the embodiment 1 except that cutting was performed through the fly cutting 
method by using a diamond cutting tool having a point angle of 63.1 1 0 so that the first- and second-directional repetitive 
pitch became 1 79.40 \xrr\ and the crossing angle between the first and second directions became 67.85° instead of per- 
forming cutting through the fly cutting method in the first (z direction) and second direction (w direction) by using a dia- 
mond cutting tool having a point angle of 77.04° so that the first- and second-directional repetitive pitch became 1 69.70 

25 (im and the crossing angle between the first and second directions became 50.68° and performing cutting by using a 
diamond cutting tool having a third-directional (x-directional) point angle of 84.53° so that the repetitive pitch became 
1 60.73 ujti and the cut-groove depth (h) became 80.00 jam, and the crossing angle between the first and second direc- 
tions on one hand and the third direction on the other became 56.08° instead of performing cutting a V-shaped groove 
by using a diamond cutting tool having a third-directional (x-directional) point angle of 56.53° so that the repetitive pitch 

30 became 1 98.26 um, the groove depth (h) became 92.00 urn, and the crossing angle between the first and second direc- 
tions on one hand and the third direction on the other became 64.66°. The optical-axis tilt angle 6 of the reflective ele- 
ment was -7 and prism face angles of three faces constituting a triangular pyramid were all 90°. 
[0131] Hereafter, similarly to the case of the embodiment 1 , a concave cube-corner molding die made of nickel was 
formed and thereby, a polycarbonate- resin sheeting same as the case of the embodiment 1 was compression-molded 

35 under the same molding condition as the case of the embodiment 1 to form a triangular-pyramidal cube-corner retrore- 
flective sheeting made of polycarbonate on whose surface negatively-tilted triangular-pyramidal retroreflective ele- 
ments in which the thickness of a support layer was approx. 150 u.m, h 0 was equal to h = 80 \im, and an angle deviation 
was not provided for prism face angles of three faces constituting a triangular pyramid were arranged in the closest- 
packed state. 

40 [0132] Table 1 shows measured data for retro reflection brightness of triangular-pyramidal cube-corner retroreflec- 
tive sheetings formed for the above embodiments 1 and 2 and comparative examples 1 and 2. The retroreflective sheet- 
ings of the embodiments 1 and 2 showed a high reflection brightness in a wide range. However, the reflective sheeting 
of the comparative example 1 has a particularly large brightness change at an entrance angle of 5° to 10° and the 
reflective sheeting of the comparative example 2 has a large brightness deterioration at an entrance angle of 30°. 

45 Therefore, these two comparative examples are inferior in entrance angularity. 



Table 1 



50 



Entrance angle 
(Degree) 


Observation 
angle (Degree) 


Embodiment 1 


Embodiment 2 


Comparative 
example 1 


Comparative 
example 2 


5 


0.2 


1120 


1080 _ 


820 


_ 780 


0.33 


612 


580 


430 


390 


10 


0.2 


910 


830 


580 


515 


0.33 


450 


460 


250 


235 
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Table 1 (continued) 



Entrance angle 
(Degree) 


Observation 
angle (Degree) 


Embodiment 1 


Embodiment 2 


Comparative 
example 1 


Comparative 
example 2 


30 


0.2 


720 


730 


430 


380 


0.33 


230 


■320-.. 


80 


91 



[01 33] The present invention is a triangular-pyramidal cube-corner retroreflect'rve sheeting characterized in that tri- 
angular-pyramidal cube-corner retro reflective elements protruded beyond a common base plane (X-X 1 ) share a base 
edge (x) on the base plane and they are faced each other and arranged on the base plane, the two faced triangular- 
pyramidal reflective elements form an element pair faced each other so as to be substantially symmetric to planes (Y- 
Y', Y-Y', ...) vertical to the base plane including the shared base edge (x) on the base plane and having the substantially 
same shape and the triangular-pyramidal reflective elements are constituted of a substantially-same hexagonal or tri- 
angular lateral face (face c) using the shared base edge (x) as one side and substantially-same quadrangular lateral 
faces (faces a and b) using two upper sides of the face c starting with the apex (H) of the triangular-pyramidal reflective 
elements as one sides and sharing one ridge line of the triangular-pyramidal reflective elements and using the ridge line 
as one side and substantially orthogonal to the face c, and when assuming the height from the apex (H) of the triangu- 
lar-pyramidal reflective elements up to the base plane (X-X') as (h), the height up to a substantially-horizontal plane (Z- 
Z') including base edges (z and w) of lateral faces (faces-a and b) as (ho), and the angle formed between the optical 
axis of the triangular-pyramidal reflective elements and the vertical plane (Y-Y') as (6), h and h 0 are not substantially 
equal to each other and h / h 0 and 6 meet a specific relational expression. 

[0134] Thereby, a retroreflective sheeting of the present invention makes it possible to improve not only the high 
brightness characteristic, that is, the level (magnitude) of the reflection brightness represented by the reflection bright- 
ness of the light incoming from the front of the sheeting but also wide angularities such as observation angularity, 
entrance angularity, rotation angularity. 

Claims 

1, A triangular-pyramidal cube-corner retroreflective sheeting characterized in that triangular-pyramidal cube-corner 
retroreflective elements protruded beyond a common base plane (X-X 1 ) are faced each other and arranged on the 
base plane (X-X 1 ) in the closest-packed state by sharing one base edge on the base plane (X-X') p the base plane 
(X-X 1 ) is a common plane including many base edges (x, x, ...) shared by the triangular-pyramidal reflective ele- 
ments, the two triangular-pyramidal reflective elements faced each other constitute an element pair having sub- 
stantially same shape faced so as to be respectively substantially symmetric to planes (Y-Y', Y-Y', ...) vertical to the 
base plane (X-X 1 ) including many shared base edges (x, x, ...) on the base plane (X-X'), the triangular-pyramidal 
reflective elements are constituted of substantially same hexagonal or triangular lateral faces (prism faces) (faces 
c 1 and c 2 ) using the shared base edges (x, x, ...) as one sides and substantially same quadrangular lateral faces 
(faces and bj and faces a 2 and b 2 ) substantially orthogonal to the face Cj or the face c 2 by using two upper sides 
of the face c 1 or C2 starting with apexes (H, and H 2 ) of the triangular-pyramidal reflective elements as one sides 
and sharing one ridge line of the triangular-pyramidal reflective elements and using the ridge line as one side, and 
when assuming the height from the apexes (h^ and H 2 ) of the triangular-pyramidal reflective elements up to the 
base plane (X-X 1 ) including the base edges (x, x, ...) of the hexagonal or triangular lateral faces (faces and c 2 ) of 
the triangular-pyramidal reflective elements as (h), the height from the apexes (h^ and H 2 ) of the triangular-pyram- 
idal reflective elements up to a substantially horizontal plane (Z-Z 1 ) including base edges (z and w) of other lateral 
faces (faces a 1 and b } and faces a 2 and b 2 ) of the triangular-pyramidal reflective elements as (h 0 ), the intersection 
between a vertical line from the apexes (H-) and H 2 ) of the triangular-pyramidal reflective elements to the base 
plane (X-X 1 ) and the base plane (X-X 1 ) as P, the intersection between an optical axis passing through the apexes 
(H-j and H 2 ) and the base plane (X-X') as Q, and moreover, expressing distances from the intersections (P) and (Q) 
up to planes (Y-Y\ Y-Y', ...) including the base edges (x, x, ...) shared by the triangular-pyramidal reflective elements 
and vertical to the base plane (X-X 1 ) as p and q, and assuming the angle formed between the optical axis and the 
vertical plane ( Y-Y 1 ) as (6), t he above h and hn^are_not.substantiaHv-equaLand-meet-the-following-expression-M-) : — 

0.5RSpfi1.5R (1) 
n o 



(In the above expression, R has a value defined by the following expression.) 
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sin(35.2644°-e)+1 ,2247sin6 
sin(35.2644°-6) 



(In the above expression, it is assumed that when the value of the above (q-p) is negative, 6 takes a negative 
(-) value.) 

The triangular-pyramidal cube-corner retroreflective sheeting according to claim 1, characterized in that; 

when assuming the height from apexes (H 1 and H 2 ) of triangular-pyramidal cube-corner retroreflective ele- 
ments up to the base plane (X-X 1 ) including base edges (x, x, ...) of hexagonal or triangular lateral faces (faces 
and c 2 ) of the triangular-pyramidal reflective elements as (h), the height up to a substantially horizontal plane (Z-Z') 
including base edges (z and w) of other lateral faces (faces a 1 and b-j and faces a 2 and b 2 ) of the triangular-pyram- 
idal reflective elements as {h 0 ), the intersection between a vertical line extended from the apexes (H-) and H 2 ) of 
the triangular-pyramidal reflective elements up to the base plane (X-X') and the base plane (X-X') as P, the inter- 
section between an optical axis passing through the apexes (H^ and H 2 ) and the base plane (X-X 1 ) as Q, and more- 
over distances from the intersections (P) and (Q) up to planes (Y-Y\ Y-Y', ..,) including base edges (x, x, ...) shared 
by the triangular-pyramidal reflective elements and vertical to the base plane (X-X') as p and q, and the angle 
formed between the optical axis and the vertical plane (Y-Y 1 ) as (0), h and h 0 are not substantially equal to each 
other but they meet the following expression (2). 

0.6Ra^a1.4R (2) 



(In the above expression, R is the same as that defined in claim 1 .) 

The triangular-pyramidal cube-corner retroreflective sheeting according to claim 1, characterized in that; 

when assuming the height from apexes (H 1 and H 2 ) of triangu la r- pyramidal cube-corner retroreflective ele- 
ments up to the base plane (X-X 1 ) including base edges (x, x, ...) of hexagonal or triangular lateral faces (faces c-j 
and c 2 ) of the triangular-pyramidal reflective elements as (h), the height up to a substantially horizontal plane (Z-Z') 
including base edges (z and w) of other lateral faces (faces a-j and b-j and faces a 2 and b 2 ) of the triangular-pyram- 
idal reflective elements as (h 0 ), the intersection between a vertical line extended from the apexes (H.) and H 2 ) of 
the triangular-pyramidal reflective elements up to the base plane (X-X') and the base plane (X-X 1 ) as P, the inter- 
section between an optical axis passing through the apexes (h^ and H 2 ) and the base plane (X-X') as Q, and more- 
over distances from the intersections (P) and (Q) up to planes (Y-Y 1 , Y-Y', ...) including base edges (x, x, ...) shared 
by the triangular-pyramidal reflective elements and vertical to the base plane (X-X') as p and q, and the angle 
formed between the optical axis and the vertical plane (Y-Y 1 ) as (6), h and h 0 are not substantially equal to each 
other but they meet the following expression (3). 

O.SRsi ^ s1.2R t (3) 
n o 

(In the above expression, R is the same as that defined in claim 1.) 

The triangular-pyramidal cube-corner retroreflective sheeting according to claim ^characterized in that; 

among h, h 0 , p, q, and G defined above, h and h 0 are not substantially equal to each other but they meet the 
following expression (4). 

.0.85 Rs^s1.15R (4) 



(In the above expression, R is the same as that defined in claim 1 .) 

The triangular-pyramidal cube-corner retroreflective sheeting according to claim 1 , characterized in that; 

when assuming the height from apexes (H-) and H 2 ) of triangular-pyramidal cube-corner retroreflective ele- 
ments up to the base plane (X-X') including base edges (x, x, ...) of hexagonal or triangular lateral faces (faces Cy 
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and c 2 ) of the triangular-pyramidal reflective elements as (h), the height up to a substantially horizontal plane (Z-Z*) 
including base edges (z and w) of other lateral faces (faces and b 1 and faces a 2 and b 2 ) of the triangular-pyram- 
idal reflective elements as (h 0 ), the intersection between a vertical line extended from the apexes (Hj and H 2 ) of 
the triangular-pyramidal reflective elements up to the base plane (X-X') and the base plane (X-X') as R the inter- 
section between an optical axis passing through the apexes (H^ and H 2 ) and the base plane (X-X 1 ) as Q, and more- 
over distances from the intersections (P) and (Q) up to planes (Y-Y' t Y-Y 1 , ...) including base edges (x, x, ...) shared 
by the triangular-pyramidal reflective elements and vertical to the base plane (X-X 1 ) as p and q, and the angle 
formed between the optical axis and the vertical plane (Y-Y') as (6), h and h 0 are not substantially equal to each 
other but they meet the following expression (5). 

h-h 0 

0.3(R-1) * <; 1.5(R-1) (5) 
n o 

(In the above expression, R is the same as that defined in claim 1.) 

The triangular-pyramidal cube-corner retro reflective sheeting according to claim 1 , characterized in that; 

when assuming the height from apexes (Hj and H 2 ) of triangular-pyramidal cube-corner retroreflective ele- 
ments up to the base plane (X-X 1 ) including base edges (x, x, ...) of hexagonal or triangular lateral faces (faces c-j 
and c 2 ) of the triangular-pyramidal reflective elements as (h), the height up to a substantially horizontal plane (Z-Z 1 ) 
including base edges (z and w) of other lateral faces (faces a t and b-, and faces a 2 and b 2 ) of the triangular-pyram- 
idal reflective elements as (h 0 ), the intersection between a vertical line extended from the apexes (H^ and H 2 ) of 
the triangular-pyramidal reflective elements up to the base plane (X-X') and the base plane (X-X 1 ) as P, the inter- 
section between an optical axis passing through the apexes (H 1 and H 2 ) and the base plane (X-X') as Q; and more- 
over distances from the intersections (P) and (Q) up to planes (Y-Y\ Y-Y 1 , ...) including base edges (x, x, ...) shared 
by the triangular-pyramidal reflective elements and vertical to the base plane (X-X 1 ) as p and q, and the angle 
formed between the optical axis and the vertical plane (Y-Y') as (6), h and h 0 are not substantially equal to each 
other but they meet the following expression (6). 

h-h 0 

0 .4(R-1) s -r-5 s 1.2(R-1) (6) 
n o 

(In the above expression, R is the same as that defined in claim 1.) 

The triangular-pyramidal cube-corner retroreflective sheeting according to any one of claims 1 to 6, characterized 
in that 

the optical axis of triangular-pyramidal cube-corner retroreflective elements tilts in the direction in which the 
difference (q-p) between the distance (p) from the intersection (?) between a vertical line extended from apexes (H-, 
and H 2 ) of triangular-pyramidal cube-corner retroreflective elements to a base plane (X-X 1 ) and the base plane (X- 
X') up to the vertical plane (Y-Y') including base edges (x, x, ...) shared by the element pair and the distance (q) 
from the intersection (Q) between the optical axis of the triangular-pyramidal reflective elements and the base plane 
(X-X') up to the vertical plane (Y-Y') becomes positive (+) or negative (-) and so as to form an angle of 3° to 15° from 
a vertical line (H r P) extended from apexes of the triangular-pyramidal reflective elements to a base plane (X-X!). 

The triangular-pyramidal cube-corner retroreflective sheeting according to any one of claims 1 to 6, characterized 
in that 

the optical axis of triangular-pyramidal cube-corner retroreflective elements tilts in the direction in which the 
difference (q-p) between the distance (p) from the intersection (P) between a vertical line extended from apexes (H-j 
and H 2 ) of triangular- pyramidal cube-corner retroreflective elements to a base plane (X-X 1 ) and the base plane (X- 
X 1 ) up to the vertical plane (Y-Y') including base edges (x, x, ...) shared by the element pair and the distance (q) 
fr om the intersection ( Q ) between the optical axis o f the triangular-pvramidaLreflective.elements and-the-base plane 
7X-X) up to the vertical plane (Y-Y 1 ) becomes positive (+) or negative (-) and so as to form an angle of 4° to 12° from 
a vertical line (H r P) extended from apexes of the triangular-pyramidal reflective elements to a base plane (X-X*). 

The triangular-pyramidal cube-corner retroreflective sheeting according to any one of claims 1 to 6, characterized 
in that 

the optical axis of triangular-pyramidal cube-corner retroreflective elements tilts in the direction in which the 
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difference (q-p) between the distance (p) from the intersection (P) between a vertical line extended from apexes (h^ 
and H 2 ) of triangular-pyramidal cube-corner retroreflective elements to a base plane (X-X 1 ) and the base plane (X- 
X') up to the vertical plane (Y-Y 1 ) including base edges (x, x, .„) shared by the element pair and the distance (q) 
from the intersection (Q) between the optical axis of the triangular-pyramidal reflective elements and the base plane 
5 (X-X 1 ) up to the vertical plane (Y-Y') becomes positive (+) or negative (-) and so as to form an angle of 5° to 10° from 

a vertical line (H^P) extended from apexes of the triangular-pyramidal reflective elements to a base plane (X-X 1 ). 

10. The triangular-pyramidal cube-corner retroreflective sheeting according to any one of claims 1 to 9, characterized 
in that 

w the distance (h 0 ) from a horizontal plane (Z-Z') including base edges (z and w) of lateral faces (faces a 1 and 

b-f or faces a 2 and b 2 ) formed by the fact that substantially-same-shape lateral faces (faces a 1 and sharing one 
ridge line starting with apexes (H^ and H 2 ) of triangular-pyramidal cube-corner retroreflective elements protruded 
beyond a common base plane (X-X 1 ) and using the ridge line as one side intersect with corresponding lateral faces 
(faces aj and b-, or faces a 2 and b 2 ) of their adjacent other triangular-pyramidal reflective elements up to the apexes 

15 (H, and H 2 ) of the triangular-pyramidal reflective elements ranges between 40 and 250 um 

11. The triangular-pyramidal cube-corner retroreflective sheeting according to any one of claims 1 to 9, characterized 
in that 

the distance (h 0 ) from a horizontal plane (Z-Z') including base edges (z and w) of lateral faces (faces and 
20 1 b A or faces a 2 and b 2 ) formed by the fact that substantially-same-shape lateral faces (faces a 1 and bj) sharing one 
ridge line starting with apexes (H 1 and H 2 ) of triangular- pyramidal cube-corner retroreflective elements protruded 
beyond a common base plane (X-X 1 ) and using the ridge line as one side intersect with corresponding lateral faces 
(faces a-| and b-j or faces a 2 and b 2 ) of their adjacent other triangular-pyramidal reflective elements up to the apexes 
(Ht and H 2 ) of the triangular-pyramidal reflective elements ranges between 50 and 200 urn. 

25 

1 2. The triangular-pyramidal cube-corner retroreflective sheeting according to any one of claims 1 to 1 1 1 characterized 
in that at least one prism face angle formed by the fact that three lateral faces (faces a 1( b 1( and c^ or (faces a 2 , 
b 2) and c 2 ) of a triangular-pyramidal cube-corner retroreflective element intersect with each other ranges between 
89.5° and 90.5°. 

30 

13. The triangular-pyramidal cube-corner retroreflective sheeting according to any one of claims 1 to 1 1 , characterized 
in that at least one prism face angle formed by the fact that three lateral faces (faces a 1v b 1( and Cj) or (faces a 2 , 
b 2 , and c 2 ) of a triangular-pyramidal cube-corner retroreflective element intersect with each other ranges between 
89.7° and 90.3°. 

35 
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Fig. 1 




Fig. 2 
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Fig. 3 
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